Supplementary Figure S1 . Proposed general mechanism of oxygen activation by di-iron carboxylate enzymes. Dioxygen binds to the diferrous complex generating a -1,2 diferric peroxo intermediate. In oxidation enzymes such as methane monooxygenase (MMOH), ∆ 9 -desaturase, and the R2 subunit of ribonucleotide reductase, the catalytic cycle proceeds through a high-valent iron intermediate (shown is that proposed for MMOH). This species then decays to the diferric-oxo (shown) or hydroxo (not shown) complex and is subsequently reduced back to the original diferrous complex. In ferritins, the diferric-peroxo complex may decay directly to the diferric-oxo species (central arrow) in a process known as the ferroxidase reaction.
Supplementary Figure S2.
Comparison of the structural features of AurF (PDB 2JCD) and DFsc (PDB 2HZ8), including the hydrogen-bonding networks present in AurF and the redesigned 3His-G4DFsc. (a) Overlay of the four-helix bundles of AurF (green) and DFsc (blue). (b) Overlay of iron-binding active site residues of AurF (green) and DFsc (blue). Residue positions are remarkably similar, with the exception of His223 in AurF, which corresponds to Ile100 in DFsc. (c) A highly intricate network of polar interactions in AurF extends well beyond the second-shell hydrogen bonded interactions typically seen in metalloproteins. His223, His143, and Asn94 are structurally equivalent to His100, His81, and Asn37 (d) for 3His-G4DFsc. Tyr51 is an additional second-shell interaction from DFsc, not present in AurF but retained in 3His-G4DFsc (PDB 2LFD). (Y18L/I100H) and the most conservative mutation (Y18F/I100H) were then incorporated into the G4DFsc gene and the proteins were produced, purified, and characterized. Both designs resulted in poor metal binding and Y18F showed significant protein aggregation; therefore, buried residues within a reasonable hydrogen-bonding distance of His 100 (positions 40, 80, 81, and 96) were computationally mutated to a set of polar amino acids (Thr, Ser, Tyr, His, Asn, Gln)
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to explore possible stabilization via a second-shell hydrogen-bond partner. L81H appeared to be particularly good fit, both in terms of computed energy as well as distance of hydrogen bonds (see Supplementary Table S2 ). This mutation also recapitulates the second-shell hydrogen bond a Units are in kcal/mol based on the CHARMM force field as implemented in MSL ; hydrogen bond distance is measured in Å. HD = neutral His, proton on ND1; HE = neutral His, proton on NE2; hydrogen bond distance measured from appropriate acceptor/donor heavy atoms.
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seen in AurF. However, the introduction of this mutation into G4DFsc Y18L/I100H led to a protein that was defective in metal-binding, leading us to consider a third-shell ligand to interact with an unfulfilled hydrogen bond donor of His81. For these calculations, position 37 was computationally mutated to a set of polar residues (Thr, Ser, Tyr, His, Asn, Gln) for potential continuation of the hydrogen bonding network. Both Asn and Gln provided the lowest energy models (see Supplementary Table S3 ). The corresponding Asn in AurF is able to form the a Units are in kcal/mol based on the CHARMM force field as implemented in MSL ; hydrogen bond distance is measured in Å. HD = neutral His, proton on ND1; HE = neutral His, proton on NE2; hydrogen bond distance measured from appropriate acceptor/donor heavy atoms.
proper third shell hydrogen bond geometry. Both proteins were prepared, but only the variant with Asn as a third-shell ligand resulted bound metal in the appropriate stoichiometry while minimizing protein aggregation. Interestingly, the resulting hydrogen bonding network (Fig. 1) parallels a portion of a more elaborate polar interaction found in AurF.
The side chain modeling described in the main text was done using the computational design software MSL (Molecular Software Library). 1 In addition to a number of structural bioinformatic applications, 2 MSL has been used to design a switchable kemp eliminase 3 and to structurally model membrane proteins. [4] [5] [6] MSL was used in this work to repack residues in the core of the enzyme, which includes modeling amino acid mutations and side chain conformations. The following will describe the pertinent details used in this work, however we refer the readers to our previous papers [2] [3] [4] [5] [6] and the MSL manuscript, 1 specifically the section Circular Dichroism Spectroscopy. CD spectra were collected on a JASCO J-810 spectropolarimeter using suprasil quartz cuvettes with a 1 mm pathlength. Each sample contained 20 M protein in 10 mM MOPS/10 mM NaCl buffer at pH 7. Protein concentrations were verified via UV-Visible absorption spectroscopy at 280 nm. All spectra were measured at 20C and were an average of 3 scans collected with 4 s averaging at each data point. Aqueous metal stocks were diluted in 10 mM MOPS/10 mM NaCl buffer at pH 7 and then added to protein samples at a final concentration of 100 mM to ensure saturation of the metal binding sites.
Co(II) UV-Visible Absorption Assays.
Changes to the absorption spectra of the proteins upon addition of Co(II) were monitored between 300 and 700 nm using a Cary Bio100 spectrophotometer. Protein stocks were diluted to a final concentration of 50 M in 150 mM MOPS, 150 mM NaCl at pH 7. Aqueous CoCl 2 was added to a series of protein samples to final concentrations ranging from 0 to 600 M, equilibrated a minimum of 1 hour, and then centrifuged 10 minutes at 13k rpm to remove any particulate matter prior to spectral collection. Deuterated buffer was degassed with 99.9% argon. Anaerobic preparations were performed in a glovebox under N2(g).To ensure anaerobicity, 2 μL of 5 mM methyl viologen (Sigma) and 2 μL of 10 mM sodium dithionite (Sigma) were added during data collection. Ferrous ammonium sulfate hexahydrate (Mallinckrodt) in buffer was used for Fe(II) loading as previously described. 7 The protein samples were loaded into a quartz CD cell under N 2 (g).
NMR Spectroscopy.
A high-quality 3D structure of a 2-Gly-2-Ala variant of the 3His-G4DFsc protein (3H2G2A; Northeast Structural Genomics consortium target OR21) was solved by multidimensional NMR spectroscopy 8, 9 of the 13 concentrations were 50 and 100M, respectively. UV-Visible absorption spectra were collected from 200 -900 nm every 10 s for 30 minutes using an HP 8453 diode-array spectrophotometer.
The raw data were converted to molar epsilon units based on the protein concentrations.
3His-G4DFsc assays were carried out using a Cary Bio100 spectrophotometer over the range of 300-700 nm for 8 and 15. Syntheses. Preparation of p-nitrosoanisole from p-anisidine by H 2 O 2 was completed as described previously (Scheme 1a). 12 p-anisidine with was then coupled with p-nitrosoanisole similar to that described previously in the literature (Scheme 1b). 13 A mixture of p-nitrosoanisole p-N-hydroxybenzonitrile was prepared from p-nitrobenzonitrile using Zn/NH 4 Cl as described previously in the literature (Scheme 1c). 14 p-nitrosobenzonitrile was prepared from paminobenzonitrile using Oxone® according to the literature (Scheme 1d). Supplementary Table S5 lists cell information, data collection parameters, and refinement data. Final positional and equivalent isotropic thermal parameters are given in Supplementary   Tables S6 and S7 . Anisotropic thermal parameters are in Supplementary Table S8 .
Supplementary Tables S9 and S10 list bond distances and bond angles. Supplementary Figure   S8 is an ORTEP 22 representation of the molecule with 30% probability thermal ellipsoids displayed.
Supplementary Figure S8 . ORTEP drawing of 4-nitrosodiphenylamine with 30% probability thermal ellipsoids. 
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